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(57)Abstract: 

PURPOSE: To efficiently and effectively execute optimization based 
on an inquiry cost to a relation inquiry in the case an external 
function is present by utilizing cost information and accessing a 
relational data base and the external function provided with a 
declaration type rewrite rule. 

CONSTITUTION: A relational data base system 2 receives an 
inquiry 10 to be optimized and the inquiry 10 is supplied to an 
optimizer 1 1 for optimizing the inquiry 10 corresponding to a rewrite 
rule 12 and the cost information 13. The optimizer 1 1 receives the 
inquiry 10 to be processed, generates an alternate inquiry by using 
the rewrite rule 1 2 and further, selects an optimum plan from an 
inquiry group including the received inquiry and the alternate inquiry. 
In the relational data base system 2, a relational execution engine 
14 capable of accessing a relational data base table 15 and the 
external function 16 is provided as well and the rewrite rule 12 is 
related to the external function 16. 
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ts'>&< tt> i ^<&tt«H»c£* 
-x&tf?»E'>fr< it l o©n««*K:7^-t^-r* 
s, 

[0 0 0 1 ] 
[0 0 0 2] 

.-Ctt, T-*^-X\ztr>Tn&<DT-*R&8Lft (ft 

^ ^-x k tt^Ktt^-^ u^iam-rsrt 

So 

[0 0 0 3] — «iLT, ^BTttflfiSx-^Srtaii 
»aflM8->X-rA(GIS)*«ttfflpI*BT**. — Mtt 

So 

[0 0 0 4] n«8«*KJ:-3T«Aan*fkaftK:"3^ 

□ 'J^Jfl^ T^TfTtenfcProceedings of the 3rd 1 
nternational Symposium on Large Spatial Databases 
lc4ottSKolovson{{!U3«J:S Interoperability of spatia 
1 and attribute data managers:A case studyfcjj?!tt£ 



Papyrus^axxi? HcA^TffrfcStlfcfcOT** 
*«, :nC-3^Tit 1991^£7nU ^rt^-f 7 5Tfx 
fe^lfcProceedings of the First International Confe 
rence on Parallel and Distributed Systems \Z 43 It SC 
onnorsffitCc^SThe papyrus integrated data server# 

t7T5^tS^ffii:tS. EJCJB^P^Ate, ETAK 
MapEngineatfB«B1» , T*-y^±l3ffj«*tlfc. * 
'J7t^-7'j^>n • )*\ — $ <DETAK Inc. tt*P8/B:>- 

[0 0 0 5] MapEnginettfl63KOE»2fc^B8KS:Plffi^ 
tSffilf-* • ^-ytt'W, MapEnginett7 7 
>f Jl/Mapfc^-f xU7t**t*»*»rOBfffifl6S:E*U 
TUS. U U-->3±;i/ • X^t-— y;UBusi 

ncssC»»fcWj'««tt«* (0«Atf»*<B*>r:/) «: 

— Ffctt, MapEngineKP^TS^-tbTCDii&^-rS 
£fiDJRttfcE«£ns. MapEnginettr.©*— SrfUfflU 
T^0ffflft£&3rr*. MapEngine^&ttS 

BusincssrtO»*r**»WK:W^*«ttfll«««**tl 
KSrSbTV**. fifoT, SS^ttBBMapE 

[0 0 0 6] Mi : CCO^iJCD@^«*iSft^i:oT^^ 

S 0 MapEnginettflfiHJC*W*^T<0#-f>h (££2f 

^-§l?Bci:LT^$ns) 7 XT 
(Map), &r/Bff-^CO^< > h^O< > K£rt£*a*>5 
*>£xX hTSfc^coy-;l/^|fe(Inside)^Ji«-rSo 
HftlnsidettJTWHftT**. MapEnginete^-f > H ^ 

>h&RTHRMapclipfc«#T*. £-f>F"?J&«*A 

»-r**»tt«»Map*»tftBb, »**tt«««9-f > 
H>?rtl:$»^*fXhn (Hj|£lnside£:ffll>T) Z.t 
KJcoTnJtgKftSo L^U H»Mapclip*fiJffl1"* 
iBB6©ff« 3X hfc^BCit^itSiit^**© 
T, M^Mapclip^O^^ffit'^i^^oTSS^^^^'r 

So 

[0 0 0 7] M_2_ : CO0tJO@W«**«®ftm:oT 
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L, ^^MftMapclipSr*Jfi-r*Cli»c«toT^I«fca 
£ 0 . L**U MapEnginettUX h5>T**±**Bf*> 
£>f£&:7 7-f ;i/Map_Restaurantt>WLTi/^ 0 ^oTd 

r-f ;Wlap_RcstaurantS«fflbT^-fxU70^U^ h 
5 ^fcBB»lnside*l*^fflbT^D7'^h<7) 

£®20©IH£ttlH»T****. /^n7)lh<D? 

£^3 ui^LTM. M2\t, fig 
[0 0 0 8] H«Hi^Jw»-rs««ttAJ4fffiB*^ r '>3 

as ^ ^ ^ £ « jgffc T ^ 5 ± 5 tc-r £ S> & . b 

ACM-SIGMOD RecordKl^t^CareyffilK: ^Extensible d 
atabase management systems, 1987^5^ <D # U 7 * )V 
-7i) 1 Hit>7^>xX=3Tfr^nfcProceedings of the 

1987 ACM-SIGMOD Conference on the Management ofDa 
t aco 160-1 72^— v^&tf ^Greafefillfccfc&Trie exodus 
optimizer, 1989^6^ \Z* [szf>m#— h V > FTfft) 
nfcProceedings of the 1989 ACM-SIGMOD Conference 
on the Management of Data<7)377-388^-> f K&tt^Ha 
ssffeUck-SExtensible query processing in starburs 
L 1990^5^ \Z-=l — zs* — ^—M7 V y yJ-J v9 ' 
VT^-f TtTJbilfcProceedings of the 1990 ACM-SIGMOD 

Conference on the Management of Data<£>281-290^— 
vH4ott^Stonebraker{llltC<t^On rules, procedures, c 
aching and views in database sys tems#JiS£> Z. £:«, t£ 



K»IOi:;i5T*S. 1992^5^ fc, # »J 37 * 

• x^xrfTfT^n/cProceedings of thel 992 ACM 
-SIGMOD Conference on the Management of Data<7)39-4 
8^— 1^*5 tt^PiraheshtelC J: ^Extensible/rule bas 
ed query optimization in starbursU 1988^P6fllK 
U J -Yi-H^*^TfttetlfcProceedings of the 1988 AC 
M-SIGMOD Conference on the Management of Data<E>18- 
27^— vt3i5^-5Lohman^i:^)Grammer-l ike fund iona 
1 rules for representing query optimization altern 
atives, GreafeffiK«fc ^> ±tiWaXPM<D Z. to Pirahes 
h, Lohman, RtfGreafeflUlCi; §##3:iK<Z>|*)5g«;;r Z. 

[ooio] ■cne>gE*]o#*aAi'iso^fcs^;« 

[0 0 11] ^«»H****<&«^<Z)Ra*»aft^tP^T. 
W\ 1989¥8£ tc7AX^;i/^ATlT^n^Proceedings 

of the 15th International VLDB ConferenceCD195-20 
>^JC^o^^>Chiinent i ffitd ^Towards an open arc 
hitecture for LDU;:*^T#3K£ttT*5 ?K CCDF^l^ 

[0 0 12] fbt, ft«B**rl»tfffiTJH£*»»ft 
MiJR^nX h • ; €:7 ? ;i/S:fiJfflLTftiB^ r 7>^#6tl* 

[0 0 13] 
[0 0 14] 

[0 0 15] J:«9I$L<H *«Wtt^8BH***^<E"*" 



$ nfe^#S9^ tc o i/ » r t' 7 > £ it t*& < , t <Dm 

[0 0 16] *5£W\Z\tm\Zg><<D&Mtf Z\tl 

ft#fig^ s «»jb-r * «^ l: J»£M c *j w- « *a * *?s 
Cooi7] M«fla#it43V»T^«H»:*i*t5tti*a:: 

Of tB-$-JH£* t 3&* J: < #^CSiIfcT# 5i5 fdfc 
[0 0 18] 

?®&m^tz&.T<Dmmtti&w\z&r)®%izwM2ti 

[0 0 19] UTFTte. m 1 ~4 £#!&U&^*<=>;£fgBJ 
[0 0 2 0] *58^tt^fflH**»f^arW^S«3i<b 

«. ^«H»o***aar*»e»*.«iii**ii«L' 
[0021] Mmmmiz^i.nft±x<DRmm^mm^ 

[0 0 2 2] 0 1tt. *5EB^(c«tS'J l/->3« • x 
U U— ->3 y;i/ • =r—5>^.—7, • isT.'rlx 2 §&'Mik 

r uzi b mm 1 3 \zm x m& 1 o & mmit? % * y°y- * 

it'll izmztstx 4. *?7->rV'i*fn\tmm 
f ^ g £ g # W . # & x.*SM'J 1 2 £ ffl v^T tt#B§ 



«fM¥ 7-141236 

-fex^ifg^u i/->3t^*ffi>y>i4^snx^ 
;u • x-^-x • 7— 7;n5»cBiiaLT^s. 

dttfftffiStts. fl-SBH§g:i6«. x-^-^-xtwic 

[0023] m2\z, ^mn^mM^M^vrc^y a 

7^>CD3lS?24tCBg _ r ; 5 ! bCD-C&-5o Z.t\hV>W$.<D*: 
[0 0 2 4] fSBBPljg 1 ©jm 

12©3gffl20(rM-r-i>fccOTfe4<, «€»^.«iiJ«^SI5K 

cwt* *#*-r s z. b.\zi~-z>x, m£s*y°7- 

[0 0 2 5] *58W©*J&tt»S«HB£}fcfiJttSnT<'» 

SELECT columnlist 
FROM tablelist 
WHERE condl 
AND ... 
AND condn 

WHEREgSte. &#condl. . . con4n<D&m&X'$>Z>&\Z&M 
Bg^tc^^ LT^Sii, *«Wtt— )KK^T©SQLfli^ 

[0026] ^s<7)ms:±, wammm^mmmmdzii 

0iJ^.(4*. 1989^tDCompuler Sience Press* - " ^PJ 
ft Stl7tUl lmantc iSPrincipals of Database and Kno 
wledge-Bases Systems#!SW d i. ffl^lmia^W^-a- 
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[0 0 2 7] n»KI*«:#Har*fc«)^l4, 
T*£*T3o SEot, ^MBWfttt^SSx-^i^T^ 

[0 0 2 8] M3_ : m 1 fc*^TflMUc»'<&SH**:b 

*f £u 7=— EBUSINESSES 0^>SH4 : NAME. TYPE, EARN 
ING. SIZE, R^TAKID*J#oTV>£fc<B<h{R£T£. Map 
Eng\ne\Z&ttZ>Mm\t, JStiETAKIDS^LOCATIONE £#S 

COt— yjUtc43frt^St*ETAKIDtt, MapEnginelC&<5^ 

HRlnside**, #<>h^ 

5j**aesnfc^. se^x, -tnttfla^owHEREast 

HREXPECTED-REVENUEttA*§lft£: bTl/Xh^>C01t 

[0 0 2 9] SELECT 
BUSINESS. NAME, MAP. LOCATION 
FROM 

BUSINESS, MAP 
WHERE 

BUSINESS. TYPE= 'Restaurant' 
AND 

BUSINESS. ETAKID=MAP. ETAKID 
AND 

INSIDE (w, MAP. LOCATION) 
AND 

BUS I NESS. EARN I NG>EXPECTED-REVENUE (BUS I NESS. S I ZE) 
Query (name) : 

-Business (name, "Res tauranl" , earn, s ize, eid) , 
Map(eid, locat ion) , 
Inside b Kw, locat ion), 
Exp_Rev bK size, exp) , 



earn>exp ~V$>£><, 

[0030] nsBM»^-y;KMAP)tLTas*-rs 

i)\ »ft W4Hft(EXPECTED-REVENUE) <h LT^ttS^ 

Tl^<B5l»tfcll«:*U ±T©tH*§lfttt«fcl^O 

UAhT**. ±^*X*b (Mtt) tt, *a$IWft«:P* 

*3T&ttft«, ±tt#£*ttf (7U 
-) T»*. tt«»3SInsidettW*(05Ift*«IW 

[0 0 3 1 ] 

[0 0 3 2] •#«A.»MOga9B. *V»t--:/;H;:H 

»*a*.aflB^*stt, ami* 

[0 0 3 3] »**AaiUO«attB8^«lfiSQLt»-r 

#*A»fl«tt7*— h REWRITE QUERY 1 AS QUERY2£ 
^LT*5 0> ££TQUERYlfttfQUERY2ttH»JH£T* 

Hf#O!B^10acX»*»A.aflflfcJ:oT&riEatifc«« 

[0034] TE©atett»««i^jaaij^?ijfflan«. 

E,(x,y)=>E r (x,z) 

*E,(x.y)&^E r (x,z)tt, .6iaaT«o, -tn-en 

jaBiJO£jfl(lhs)2i^*ia(rhs)i:li¥«tia- £»x. y 
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[0 0 3 5] »#8U«ftiJ©Jfll<BefliUr, MIT* 

'j>j£\zm^ znT^zmmiz^^Tmm? z> z. t\z-r 

So CO»*«A«IiJtt«««iaatBtl/Tifcfl!>J:3K 

Map(eid, loc), 

Inside (window, loc) 

=> Mapcl ip(eid, loc, window) 

«apclip^Hr*ft^Wj|S*fl=**(ffb)T**^fc«j8t$ 
ftfcl*. ^Ot**Aaillt*^T, «Reid. locfttf 
windowtt£T«riIS»T*£. 
[0 0 3 6] *#SlA»»Jfl!)JII2©«iUT, #J2Tte 

Business (name, "Restaurant", earn, size, e id), 
Map(eid, loc) 

<£> Map_Restaurant (eid, loc) 

EBusiness tMapOil»*ji*?-r«c:it)T#*b, * 
S WiETAK? r -f JUMapJtes taurant £fU/Bf S C i & pJ 
tg-C&So ddTH eidatXloctt»a**T»«. 

[0 0 3 7] •*»;UafliJO»3<B0iJiL'T\ MapEngin 
e<DTE«fl!lfc«kfttt, &S#-f >h3^2^0Bf#©9 

[0 0 3 8] Inside(wl, point), Inside(w2, point) 
Ins ide (w, point) , Intersect (wl, w2, w) 

So 

[0 0 3 9] «€?fft*SfliJ<D»4<&0JiL'T\ TfSCD« 

fMui^^o 0J;Ltf, Bf-^OeidKBUTMaplcfR 

Map(eid, loc) 

<^ Mapwi thid hf (eid, loc) 

MapwithidJcRirs^*9*5*f*«. #tftBT«Uweid<& 
[0 0 4 0] ML/Tf AH g#&A£fUJ£?UfflU £ 



2 ^^K^^fx«<7)T f --^^--X^KbTftli;i^aUn 

[0041] sr, »**A*sij»±Tffiora«tt*«3t 

TSo »#«*»lij3&«E,(x.y) =>E r (x,z)<Di§^ fx 

Q i StfQ r «fc :> TBI U*3 U 3 - F <£> **» 6 ft 
S : 

Q,(x) : -E,(x,y) 
Q r (x) : -E r (x,z) 

[0 0 4 2] *cfc, »#»*«|«ttfcEP (=» T^Tct 
2ftj (£OiBtt&^) 4:tS»Sf5fc6l:ffl^6 

nso 

[0 0 4 3] ±3fi^»#«AafliJ(D*lco«^^^T# 
^LT*S££l;rfSo * 

^S„ 

[0 0 4 4] Q, (eid, loc, window) : 
-Map(eid, loc), 
Inside(window, loc) 
Q r (eid, loc, window) : 
-Mapcl ip(eid, loc, window) 

s„ aan©&ja^Qo«2fttf*3o«*»flifc-a-r 

[0 0 4 5] Q(name, loc) : 
-Business (name, "Restaurant" , earn, eid), 
Map(eid, loc), 
Inside(w, loc) , 
Intersect (wl,w2, w) 
Q' (name, loc) : 

-Business (name, "Restaurant" , earn, eid), 
Mapcl ip(eid, loc, w), 
Intersect (wl, w2, w) 

tta/HT*ft^Ci£l«SLTl><5. 

[0 0 4 6] #5gHJcOfg 1 <Dm$lZffi'?2>m£L'^1fc 
miZ&^T* «#«A«aiJttHH£SiSSQL<0ffi»®«k 3 
fti«7fc2p<D«§&£ffll,>TU U— ^a^JU • 

■ 2 (20). SE^T, ±Bl:*^Ttt 
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REWRITE 

SELECT eid, loc 
FROM MAP 

WHERE INS IDE (window, loc) 
AS 

SELECT eid, loc 
FROM MAPCILP 

WHERE MAPCLIP.WINDOW=WlNDOW 

# © £J>£ (22) ©fc«> tCf ijffl £ nS 7 ^ D —f- \ZM? -S t> 

[0 0 4 7] ##^^^IlJOSffi(C^bT|Wl^^g|?»^: 

gmZ."imT*&2> Zh\Z&M&?2, ^i*'llT$5. 

©£ffi£|i^T&-5fr5^©¥ij;£«. toiiL^ 
oT, 2 0©IiS«M£©l3*tt£3 1 :i:u/ ^3$9S© 

[0048] ft#©*oi&T-te, ^^c^H^m^n 
isi^Tfe-5<h<f uetix^fc. »wrn«, 20©,^ 

& & C <h *t»j6^ fc C ■ €T jft A 2> tz ttT T 

tt £ SIFT -5 © (' ^+#T & £ :t £ tit (/ >3 . 
[0 0 4 9] M4 : TEfcSftfcJSfliJOiSiHttHNfeQ, 

Business (name, "Restaurant" , earn, size, eid), 
Map(eid, loc) 

Map_Restaurant (eid, loc) 

Q,' SiEjmt^T-tS. 
Q,(loc): 

-Business (biz name, "Restaurant" , earn, s ize, eid) , 

Map(eid, loc), 

Owner (bizname, "bob") 

Q,' (loc): 

-Map_Restauranl (eid, loc), 
Owner (bizname, "bob") 

Q , ' it Q , left f £> m&li&ft A 7 7o - ^ * mm b /t 33 
mTS.-S.^JcgS^tlfe^. boMi^-^Ufcttb^firr 
m LTt*l> t> © i: igSTI.. fig£ Q i S-M-T 



[0050] mmj.RA\zM-?z>fflm<v-$'( > Mi, m 
comm\i$:&m-t ; &t^oz\t\z3!>z>. '&ox> *fj&# 

fie-3T2 0©I^S*Ba^©|5|^tt$r5 1 i-yi7 

-rz>fznt>nmmcD^im\z, i » i ©***sf*ttt ra«ci6 

JjoWSiJfEtitfc^JiWti^.c^^^. £©#rJ&©^je« 
fchfctt it « A t n \iti z> . 
[0 0 5 1] #tf?ttttttAfcn r B©«fc3»::je<S£ftS. 
1=» r ««»*»AaaaTQ*«Bi^T&*i:-r*. 1 ©^ 

e. Q©^&^ro*fjs#Wi, TtB©«-e-^iij^ 

(.titifctttttfl ©4>©:£^8r>e>Q © + ©:£*;£» 
tc l *f l TfffctiS ; 

(b) 1 ©#jl^&fc*tt#Q ©+©}£& (fcba&tttf) K 
*fjfctttt£fi£ ; 

(d) 1 ©#^il^ifc©-f 1 ©f * — S>tCfcHQ 

(e) 1 <Dfe&&*n&fc&1r\zLfrftl&ttV<3tltl.i<\ 
[0 0 5 2] H©ffi*K*V»T, »«#WKH-r4*» 
(SfcttX^S^:) © r>f^-5?j t^SffiiSliffi*© 

fcrJ&ttWsWBStlSfcB: (SfcttX^fcft) «r*bTH 

s. n*K. *n&#tticK-rssi^©-r ^-v'tt^n 

-5. 

[0 0 5 3] ±IB^«t«4C*J^T3SJfiSnfc»*# 
ttSJtfe-T-Si:, d©«-&biznameat#«il&&©-f * 

X^S0wner«Qt'*5t/iTHistoric(Ioc)lrH 

[0 0 5 4] ft«MH£S£fi&T*fc». 2-p©S*W7, 

cities (3e»f^v»T*«j«s*b&«) . 
[0055] Mm&M&\zmm-rzz.t\z£.?Tn<bti 

T*5. i » i ©fcrfStt tt^fr ^i^Ac-t n t S ^ 

T©*fjcsf=tit*^^^n, ^^ic^-©^)iiirj:oT. m 

0(n log n)-C*M|-r*Clt^flBT»*. 
ffl^bTt>Aa5^©{S^lC-p^T«^--A*'v-y Fmzt 
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[0056] mtmxmm^mx-r ss^ii hut— 

^;i/©*i*fc«tr>T^i;*f^*!S^S*^5 i W V It'll 

tc<fc-pT £/$£*i ■am). 4riE*nfc»R*tt-tti-tnBf 
[0057] m%&z-Mmomm\z&-D 

ft % . * #« A. SHU C0»^ R K KIT 2> S&£ Q © m&fcMK 

ffl^Z (R. Q) = <Q' I Q^'rQ' ) 

IB^Q^'rQ* «, Q' «£ft;L8iBiJ (*-&R^e» 

T, Q*>£?S6ftfcCl<h£^fc«e>t::/8<'> l E>ft.-5. » 

* ft fiTta tc^-r <t 5 & ->- * > x t t> f m 

4*14. 

gl 5 : TfB©8i£K:-3UT#!g'f S. 
Q(loc) : 
-Map (e id, loc), 
Ins ide (wl, loc) , 
lnside(w2, loc) 

OBg^Q' MfEStlS : 
Q' (loc): 
-Map (e id, loc), 
Inside(w, loc). 
Intersect (wl},wZ},w) 

Q" !)«ti8Sn* : 
Q" (loc): 

-Mapcl ip(eid, loc,w), 
Intersect (wl},w2},w) 

fcoTfctjfc. ua>u »€ftA*aaij^??ffiT 
^Bj-eii^^BS^o*^ (Hflfe) *^fSsn5. 

T, gjg{r:©KSl±Rff^-»fig^<OKafC*3^Sfgil^ , 7 
(Xf7^2) . 7f-^li:^^TH f¥*ffl(C 



[0 0 5 8] ji£<hS : £ft*.«BiJ<Z>*&#-5-*.'=>ft* 
[0 0 5 9] H3tt*»WO»2©JB«»CJ:*afi*JB 

# t m €r ft x^io tc <fc o x £ n s ibj« jh& <vme>T' 

Bf (3l)T-2>ca:^«toTMiS$ft*. %M<r»\s—-f#s\z 

(c «fc o T ±)£ $ ft fctt*JB£ & * . 
[0 0 6 0] l^-fftl::-B:<J;, fijffl ^WsM^t^tVil 

<h¥ij;££ft£ t <3l);fc<Z5«r L- i^H^WSft* 

(33). tt> i ■3o»*»*aflij**affl-r* 

fcse>lcWffi"Ifig* i S*^'*-3*>' i TfiJ^755fTftft-5)(34). 

[006 1] — '>&< th it3o#**A.am*«# 

5(35). ^ro#^ftx.^liJ«. -tWflg^fcJB^SfcftK: 

Bi«E^cs#ftA*aiijcD i ^TJbs. ^o#^ft^.M 

figT 3b £ W3£-r * ¥IJ5E 36 Ic *5 ^ Tffl ^ S ft -5 . 

ft*.&fl"J (fgffl*©) Rtf8§£: (teffl*©) i:ioTt 

pjc^ft-So »€ft^.^fiij*^ffl i fro^ mtc 

lz£.tiitStlttm£l-C\±tt.<) CHUT 1 OfiUiOJtJfctf 

[0 0 6 2] #^©ffl-a7;Urf'JXA(gen_closure)tt 
mT2>7n# ; ?5.>tf • n- Kro— l ic^SftT 

[0 0 6 3] 



(9) »H¥7 - 14 12 3 6 

M 3& gen_closure(H, Q) 
begin 
S=Q; 
S = Q; 
repeat 
new = 0 

for each q in 6 and r in R do 

nernewU rewri te(r, q) ; 
endf or 

if new^ S then returns(S); 
5 =new - S ; 
S = SU 6 ; 
forever 
end 

M |fc rewri te(r f Q) 
begin 
Q* = 0 

for every sound application A 
of r to Q do 

Q,=Q,U Uq) 

m § tfc s ti tz m ^ 

endf or 
returns (Q r ) 
end 



^ JlgOptPlan(Q) : 
begin 

if ex i s t sopt i ma 1 ( Q) then return 

Let Q=(qi q*) ; 

Let Si=Q- { q i) ; 
for each i do 
OptPlan(S i) ; 

Qi=Plan for Q from S, and q t 
endf or ; 

il to ^ £ o 
end 



> • — y ^ {c 



[0 0 6 4] d07;i/^UXAH f>liO*ll:*Sh 
T^aRMkrewritc*»OiiL/l»tfHl-r. 
r&tfflg#Q**#*SnS£, H&rewrite(r,Q)tt, Q 

>g#tt3t\ ^llCfc^T; fsound applicationj £1^5 

Agen_closuretett9 ilbpJffiT* 0 jg bSfcrewr i 



X A 



[0 0 6 6] «LTfA«, B3i:StBfi?IIS^* 
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H#>5frCJ:oTft£«. tot, ISP^tfWBl©*! 

^. R^^<7D^^tcpioTK^ieti^7-rs 0 b^b. 
» *.«iij©*& ic m? z m& © Bf£#»s*£ t u 

[0 0 6 7] »#&*.&!ij©ii£#. ^co^-?nfrzm 
rz-&im®.rf&u-$nz> 2-z><D&PF\z-3^xMm-f2>, 

Sgl©*^. ft^^tiio^ti^frT-*^. Z.<D&& 
tt. £T©8yUJ©£52©:g;*#. fdSfflCf^HTTr 

bu^t^? z.tT'$>&. m.mmW 
zz. tot, m&WL^m.m<Dftmtf s £<D£.muT<nm 

[0 0 6 8] Map_Restaurant (eid, loc) 
=> Business (name, "Res taurant", earn, eid) , Map (eid, lo 
c) 

fttttt. fct;t*£#^D#tt&#©^#W&>S£rt<& 

T^-tZ\ttfT*Zt3.^t^ : 5ViU$:iEm\zmMT'2tt. 

<*«c:ne.cD=K?H^JeiiT«. 0 «£&*.*ifiijR©*-&© 

i^7tc5l"r-5c:©^X Mete, 2-3<D7. ; rv'7lMbZ>. 
e>^#ta$ns. 3F*ao**Ineq(R)tt*0«k5K«l 

- ±x (D-x^ & f— \zttfo? z> \z e * m x. . 

[0 0 6 9] #SClhs=»rhsO»*ttiL«fl!lSfcSt«5i:<fif 
^left_Exp^right_Exp^fiK^n-2>^, left. 
Exp&tfright_Expte. J tft?tl\hsRZfiTbs\zm-?Z>tt&. 

m2&^mm<nm&R\zttfo?z%wi*m^<DM&\3.\n 

eq(R)-e^*n*. lneq(R)W^SSc^U-rtl ; b^35: : ? : 

WHfflfiStUT^a. Ineq(R) KttTftlKftKHin £ 
«D3Tfcttfttf&5fc^«£. Ineq(R)«5«jRtt. ffi 

5ei ^ cd & u 7 ;p =>' <j x i> i>m%\ ot^5t-s.t), 

3? £;©*-& lz& tf%> &$tffi±X<Dmz%> t^T-tfa 

[0 0 7 0] #Sa»ttft#li. TEOflCioTiS 
* £ & & ilj CO SI 2 CD ( Z 43 1 1 -5 M a p_ R e s t a u r a n t £ <a 



^LT*--5di(C-r-5. ftJSf S^SfjSte (mliHap, 
r ^Restaurant, d teMap_Res taurant t.'t -Si) : 
{m^0, d^.0, r^0. d^m+r, m+r^d} 

[0 0 7 i] ±Eftfr«n»:. £-&e>©**7*f*t>Wfc 
m . M&#ll©if£7£«irf£;ta6l;:fgJ?.W*££fU 
&©WR«#*£fc*ttb*>?!l*J§b;&:^. dSL/tWA* 

#*»jfe-raai*c^i'>T«aifi-r*. set, t>bs 

OS: 6. ^6D^te£*JfflbTSil{b^)ilMcOXx^7 p 2 
l:*5tt5#«?SA^7TyyiT4*$nfcn<o^ 

©RBAftiwu-r* z. i "b^riiET**. 

[0 0 7 2] BS^coM-gitt, AMmz'P1k<Dm&\Zl8.l£. 

^n-s. tnicb^^fcsf. fSJLWt£ffiteS3i{t©si 
2a«K:4j^T. m.mit<ntztb\zi%ig.-znz>mm<Dm<k 

H 2o©^-<^^Ta&5. ST, Bfao«»*^ 

£ CO < O £ #»t -5 Z. t tfX €T -5 . 
[0 0 7 3] Hfioa«»yiJ*»C*^Ttt. 

IE-T-5>Ci:T-$)-5o d©«;#7 7 P n-^tcc>V>T«Tfe 
©t«J(-<fcoTi«aJTS 0 

[0 0 7 4] M6. : 
Business (name, "Restaurant", earn, size, eid) , 
Mapclip(eid, loc, window) 

=> Business (name, "Res taurant" , earn, s ize, eid), 
Mapc 1 ip(e id, loc, smal l_win), 
Intersect (window, w, smal l_win) 
t^^ftm$&*.MM\tT&C>&5\zmsE-?Z>Z.ttf-*l 

mx-fcz : 

Bus iness (name, "Restaurant" , earn, s ize, eid) , 
Mapc 1 ip (eid, loc, window) 

Business (name, "Res taurant" , earn, s i ze, eid), 
SpecialMapcl ip(eid, loc, window) 
«EiE*nfc«#*A*RiJ»ctt, SrbV^-yjU^Specia 
lMapclip^-g-^nTV^. SpecialMapclip^feiatC^b 

2>m%&*-mm\tt£^(DT', tt© (ss^ie©) mmt 

ttRttO. «IESnfc»#«iLSfliJtt»»3iibfiJfflf4 
CtttTtftV*. b^b, BBfi**J5!Ebfc«. 
'SpecialMapcl ip(eid, loc, window) j 

©^t>oi-. s: 

'Mapc 1 ip (eid, loc, smal l_win) , 
Intersect (window, w, smal l_win) j 
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&m^>bt\2>z.t\zti.z>. 

[0 0 7 5] SEoT, «C*TJ:5Ca»iCttm-©X 

Z\ttfX*%2>. 
[0 0 7 6] %lWM©t)5 1-P©affltt«a<k*!jj 

^SM3Xf-«l:i^T, £>-S>^teTgB77 p n-x 

(C« 'always improvingj (D^—3r>7tfffi£*l2>*><Db 

h% #*»*jaM©»3©flij) . upifci 

[0077] 3£m<pm3(Dmm 

^S©iAA«SC&5. ^©-te^->3 >Ttt. =>X 

■V\Z&^Tfem<nfkmt<r>ffim (19904JMCM1T Press** 
6WfT2*T./tCormenftiIt::J;5Introduction to Algorilh 

fcKiTfeS. &f^ffi*.T1989^tcComputer 
Science PressA^PJff ^tl/iUl lmanlc«t-5Principals 
of Databaseand Knowledge-Base Sys terns £-#flg£tT.fc 

nfc*^* & lloy 5 > 5 (24) Z 

[0078] t*»5/u> mmmzm-rz&mte&m^m 

tzMk-&izmVXftt>tttttl&UiZ>tt\<K 

- f#^-x • x-^;i/Tcfe-5, u - 

(I986*£8£ (CB*<0^:tl5T-P8ffi$nfcProceedings of 
International Conference on Very Large Data Bases 
© 1 2 8- 1 3 7 ^ — v (C *5 n -5 K r i s h n amu r t h y (til \Z «fc & Op t i m i 
zalion of nonrecursivequeries#RB©c:<!;) 
SIS*!*. *389ifc«fc*itf. my- Hfcnffl?— x*;U<h 



y-rwz&^T'&zntz&'mmm&mz. &\zmmztj. 

[0 0 7 9] I4H *58W»:J:*«a{kyn-feXO* 
-2.. ■f&to'fe. Mitlb^nirXT'te^Jx-Xil^Kta 

T-f V'f 1f46fc?ijffl-r*. BS#^-7 p t-i' 1f46ttJg3f 
t^f^f V-f lf47&l>*7 P 7> • 7— ^;W8t<D**K»c«k 

[0 0 8 0] gjg{tyn-lrXWXx-yy2«. 

mitral u XA^fijffl br*ff aM^eaay? >© 

*|J £ * fc « 51 ft * ff 3 K £ * 7 t- f v 1* If 4 6 \z J: -a T * 

6 2orog&-5 7:/D-^tc-^Tfl?t8-rs. 

[0 0 8 1] nX h«jg{t7;U=f 1 © 

7 7 d - x fcfcft* ©MttftHilSg SSHb 7 )V =f U X A ©it 

i^tC^-n?.©4 3 ^e.«/hrJX h©7 p 7>S:jl^-r-5 
T, TfSconx hSji<b7;U=fUXAttfi£*©iftWttiIi 

ns : 

(ii)Xx-y7 p (i)lc*3^T#^tlfcS^wy7>©>p*-' . 
e. m h gffiU 7 y > £iliRT -5 X x v 7. 
[0 0 8 2] XT7 ■/(!)«. LT«r» 

smicsfc^ttft^x y ^-rsfc©©asfi<jftffi36*ffl^ 
ti< oimxto s § ^ tifc n (w ^. «i 979^6 ^ t ^ 

X h >T"F^ffi$nfcProceedingsof the ACM S1GM0D int 
ernational Symposium on Management of Data© 2 3- 
3 4 ^— ytC^ittS S e 1 i n g e r ffifCck SAccess p 
ath selection in a relational database management 
of Data#S9©Ct) . Z.<D7)Vzii) X &\Z&&tj.mft 

& p B T as- mm m% vmmmz &m u &m ©*^tiT 




[0 08 3] 37 bm.i&it7)ldi)XL>\zM-tZ>W,2 © 

7 x a -j- \vsl mim o t> a * a» t < wn-r a © -c 

5I^*M5iffflniH5CiT$,li. ft*© 

[0 0 8 4] »Affl3*h*afc7,jl>:fyX/»©flMttfc 
if P ft! (C 2 -3 fiU© n« figg \ z «fc o T*ffl * tlT H SB 

[o o 8 5] mi. ■ i*<ti/Ti^Q' a<#e>n5Hg# 

QIC*f-r£»€&*«ftiJ©lg 2 ©#J©jgffl l:^t>T#* 
LT^-5C MapEngi ne© 7 yf ^Historic!;: 

te£T©£Efr#-££*lT:fc9, fl-gBx-XJUprice b '(lo 
c, amount) C J; z> T^mMftiWmtfft ^5. £tT©88 

e>ft-s. 

[0 0 8 6] Q (amount) : 
-Historic (loc) , 

Business (bizname, "Res taurant" , earn, e id) , 

Map(eid, loc) , 

PriceOoc, amount) 

Q ' (amount) : 

-Historic (loc) , 

Map_Res taurant (eid, loc), 

PriceOoc, amount) 

oR^S; 'Historic(loc), PriceOoc, amount)) WiJ5<D 

M£iz£>^T# : misT^z>&\zs.m2nti^. z\<d&m 
At*. w&&z.mM<Dmmmz, t<Dmm\z^-DT^ 

fc>£^CSoT^*«ffli*«©X*J£»*i£«-r*:: 

©— g|5£ LT*®g|5»BB^His tor ic (loc). Price (loc, am 
oun t ) K IB-T 5 Sil Zf? > £ Ltj. Vtlttti. £ fc ^ © . 

r, ss^q' Kwt-*«ifiX7>©ft£i5f;:*n*fl#j 

[0 0 8 7] hS^kT^rfUXAtCttl 

«. &w£\ti&\zi-o-f-?mm{tztiz>tf, su©h* 
t. *©«]g:77>*sa*sffl-r&Ettfc^. ft-? 

[0 0 8 8] Wln^hftiftTJ^'JXACHtl) 



M¥7 - 1 4 1 2 3 6 

(-$■&*>■&. ^KSOptplan) . ft3fc©7;i^iJXAi:« 
ftteO. &&I>7;UrfUXAteh-;/X • • 7Xo 

-^ICSEP. HBdlClMKlPlWl -OfzV. HLTz\$2-?tz 
ttb*^«Clitti-50ptplan©S*ir— Xt±*fflS$tlTO> 
S. BfcAS!7';i/^>JXAtt»Bf*7 , '5 L -f V-flfS^tt} 

i) . mffi*?7--< V'f-y ! 47«aX h ■ ^KHt* 

ot, S®X5>«#hA • 7yXT«Sii£fl5. f«t 

t> , » * © «*i t Jtt 5 «a y 7 > tt-r <t © »m 

£©gjgX5>fre>fltfi££*l3. ffi*Ot7fW T-f-tf 
©J;5K:. ^-X^W7'fifll«*a*-a*-X-;i'^# (sa 
rgablej£I§) m%Wm mA.it. salary>50k) 

z&mzmvwLO. -tnsttf«B5!sn«c^**, ^-©tt 
t><0 J t<D&>m\t%>ffi*-7 : r'( j yriz&ii2>7i>-txm 
»©*ieCBBLTa!lr«Sn*t*C, 1«B*CHLT 
fc^ii^nsctfcft-s. &SS!7;U=fiJXA 

[0 0 8 9] ^7> • 7— -7)\smz7?-b7.-?z>m-&. 
ra^cDSJgX^ >©ii*A««i*A<ffton-5 n t*«K 
-r-5©* i; fr&T&2>. »C^^77D-f(9 10H 
7*7> • ^-X^S/Vy^a • •x-XJl/tLT«J*-r-5 

LTSaSni^S. £T©SEft*<J!B£©X^a*IEttt;£ 

t?T. 2^>©H9^©Jt|!ett2^©7. h U >#tfit&L^tt> 
m^Z^^y P?Z>Z\ t\ZU0 > fot, S»T243S<fc 

36«CCl©«afr4J^TflB^M©fta.*f36*lr»36»lCjE«S 

[0 0 9 0] M_8 : C£0^JT«. t«J 7 ODfig^QXtfQ ' 

**fijflj3*ro>*. aa#Q©3t^«»c»*-r*jFLffl* 

3= • r— X;i/tt, 2, 3, &r>*4-C*-2xh{5^ 

fic^T. QttX h U >^0234)T?*-rcit*i-C# 

^#^Map_Res taurant (eid, loc) **£jjfc£*l, ^5l5i^fC 
tFlfflX* • f-^)H:A*Sft4. Q* ©«8!tt(145) 

\zuz>. fiB^Q©«ii{kK«k-3T(i4)fcH-r*«a7 r 7 
q' <D%km\m\z\$. fkWz-?7> • T—znwfimiz 

n. (145) (CPsB-T-S 75 >^SllC#ffi-r-5*^^©«l^ 

*^t>n-5„ sfiEb^itntf, ssijx^xcH-rssjg 

7"7>*«H»a*lfcfllritSti*. T&*>^. (14)tcWT-5 
SaX7>©^fiKmItcX7> • r— 7;WSI^&tl, (1 
4)©^jiX7>^«^fk©/ t c*l'RfiJffl^tl.5)<, 
[0 0 9 1] S[M3X hgiS'fb7;l'3*UXA«IiJBS^ 
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[0092] m^<nxo\z, mmmmzm'i<7)vzi 

T'Tjk? Zttf*imT'$>Z> (±f2©Cormenffit;: 

£.f$.m&T'&Z>. # HA • 77^ • 7^n-fO 

"T^^tTfe-So tot, •tJ--fXn©^TCO©Jffi^(Cg| 
-r4«jg^7>*«ldEbT*»&, f-fX(ntl)©ttf© 

X(n+l)©tt*©MJHA*«lJ«f*«>K1*-f 

©straw: i^y • • 77u-^\zvc<x&<ts. 

-5. # hA • TyZf • 7 7 a — J-<F>%o 1 0©^T"W: 

i St i -3"r-3M^©»a{t**fTfcns*», ajsmrb* 

©S&:/7>W:6M££ft-5.. CintcJ;oTmr3£©7^n 

[0 0 9 3] Mi. : K^l(C«(1234)S.tK(1235) tm^lZ 
n-5 2 0©M#* t -&*nSt)©i:iS^-r'5. IgfiH^WB'J 
RS#(123)£;tUBbT^-2>o (1234) Ct^T. f£oT(12 

• 7y7- 7^u-^mmt^^. iD'h*V^7 
X5 > (123) ©SFfiESBSrr* - i:*tT#T. tScT^ 

7> • ^-^^©^F^^cT^-fex^f^n-scti- 

[0 0 9 4] f^T, gjg<b7JU=f'JXA©# hA • 7 

Paft#<««. a-ttKSIKWfTttli^nfchy^ • ^> 
©3g»*fiJffl-r-St!E536«asU^»«t>*4. tot, 
&-5g|S#y5>a<. ^-niT"^bfcSiiX7>©n^. 

h z. t&Kfrtite, mmvtmiz-Bitfti^ z. £& 
[0095] R^watt^aa^ya-fexcia^atTc. 

«ki8fl:$n*WJf**«>*Ctfe?I«T»-5. Sit. FJt 

£ w l r*a 75 > * a»& o ±ei a & e> 

[0 0 9 6] $fiffiT-ffi^lcMilbfca!iS«, ^ttoflkig 



©BBffi^-Xx^ ^ -fit' d&t^TjllR&ftW. te©x-^ 
■JJ|J**§©3 X h ttSE^iJSnsX^ftOJBSHftTfa 

«. a^x, ■*£>&&rmtitm\**-7T'C : ?'f*f\z*- 

l ^wF*3HS)-S)*' l S*'>©5 1 x -7 £ £ff-5 lnside(w, loc)©«fc 
Zf)UZ-O^T%m-?Z>. Z.oLtz7—Zf)V 
©B?^ttib(aS«T*S)4. ft^T. SiHk^T. M*V»< 

£C«fc^T«^S#*i:£j&«J1i|-C&*. fttfft^— Zf 

tt4sargablea>l§«IBtg->X5 i ABt7 p >>->a. • 
^SfiFS&fLT^S. ±at©SelingertBCfc*Xltt 

T—zTjuzmmLx^^^^-rmm^^^^zth^ 
mx$>z>. mmimKiz. z.<Dmm*%m?zz.ttf*i 
mx&z. 

[0097] %.\z, ^-y-x-f •7-f-tJ-*46{c«fct>Tfflt>e.n 
■r— yju*ifc t £ /j-r y U - 1 * w •& ais y - h © 

£©^<i:bT£b 4 fc©<i{£;£T£. fct, SCAM 
iLTtl^ni.Ifflf-^l' (*ra£fctt.S#) 

[0098] +--#-f>hn ^bst— y;nc^-r-s 

fact pltg fc 4 ffl ic *^f= ro^c to c 
ATli, fta8fi«^SBM»K:3*-r4i* b tfftt>tl 

{Jot, *fSWfc«t*atf. ngKMSScliKT 

* m^mm \&*ztm L®vst mtnvm o &«iar -s sb 

blSoTV^. P¥t/ll5bKPBtt£x-y;i/*^nSBx- 

^©pftN'ttib$Bifigic-ri>»&75Hi<-p^#ffi-r 
ifflltMb: d©^©«-&. fc^-y;i-©&^ai/3 



(14) 



7-141236 



[0099] tf)v-7v*tfmL&mo>m'&* »£3i»c 

tl*. b^b, Ra&fctt»K*ab#^&<TWtr£l>» 

& 5 tt& £ ffi©£T ©i£ A £ ©¥^SE8I * Itff T * ) 
»f-^;n:i9TMT*6. SSfc. £5=— 7;i> 

[oioo] Bfrjcmbc«toTifeaw3-K«>*^* 

1T$5. Sfc, »«r-^K!>15HJ:07»J-«i; 

m FSM (Lef t, FTable) 
(Leftli. £©[19$, FTablel*. 
begin 
Jo i n = 0 

Temp_Lef t=CR0UPBY (Lef t. B 
£ £ V. fiMRZf ? » - 7 

ft *> tl Zo 

for every group L, of Te 
FTt = lnvoke(FTable. Bv 
C C T\ B v a 1 t ti > Bou 
iz 3o It -5 (jS 7? * S 
Join=Bag_Union(Join. 

endf or 

return(Join) 

end 



it^p^gRx-y^^^nf^aib^t'^^-r^ c»se« 
to ££t*4. ui©iitt<oao*jaa-r4^ft». »? 

[oioi] JUffi&^wbtAn^se^ftftwa 

(fnl) £P?«ti?>. ^^-y^tu b t An?-jta*g^ 
d £ (ci t»»# smsm £ n 

«©7;W^'J XA«t»6n. *H»#«#f'&f&£<FSM) £ 
Jflfns. FSM7;Pa'UXA»cM-r-S>ya^75 >y • 
n-F©— taj*«*2C*a*aTvi2> (-r>ctt>*-> fl-SBtf 
g|0r£S§£7 

[0 1 0 2] 

[15 2] 



fl- ffi - 7' * ) 



ound > 

it JdU PTable© gft^ ?| St IC J: o X 

mp_Left do 
al ,) 

nd© §| it JC H •t * EEL, 
Merge(L,. FT,)) 



ft u # m » & *S £ T * 3* U X A 



[0 10 3] FSM7;U3*UXAteftgB:r-:/^©*tftB 

P?t^aib^©ffig^Postgres©5:a)R , t J C 

a*07yo-?££t>K:jWJfl-r<&Jl£**^II)B-C**. 
0ij A ± i£ © S t oneb r ake tHH \Z <fc S XftR#fig © £ £ „ 
[0104] 3X F • ; Ex;i/«Rfr-^©£*© e k^7 l «£y^> 

OT&fcS. 6-jaj) lc*3tt«.S^-5>M©Sc. %.Zfi7—7 
;U C * ItS ^SfmS 1/ ^ - F §& £ ^ o fc?— 7*;Ut 

fsfwu. tare mm) ©nxF^ttirr 

•5. ax f • ^Mz^-oT&ftmzm ^ns* 

5. 



[0 10 5] ax F • ^7 r ;Kc*fTS*^BJ©7 7'n- 
S§#t5^tT*5)!i«, *$S9Jtt2t3©t£3S*ig5.»£ 

Slfonx F £#J&5 d i^TtS <fc 5 CT*2>ffi. 
*BffEai?***tH-r d £*«T** J: 5 CtS^ffiC 

[0106] ftnasx-^ji/SKTEoflMRsaft-r* 

3X F : yt-W>7—Zf)V& 1 igpf DC{±j-rnX F. 
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1/3— Kj ©ft. 

tzmv^xtetemx&z. 

z.<oft&.*mm-?2>it<t>y7 > • 7? hmm^n 
s. ±T©^#wpg©*§£. -m^tm^n. z 

[0107] ^tfLizm-rzbo&B^T, tzm^om 

<D±X<D^it^Z(Da7, h • ^MzmVklsX^ZSJz 
aBt^#T*S. m^^h ■ ^"rJlfc, 1989^8^ (C 
TAX^Jl'^'A'CrBaM^nfeProceedings of the 15th 
International VLDB Conference©195-203^— vlc&tt 
•5, Chiment iffilct Towards an open archi tecturefo 
r LDLtC^£nTl>ft^x;i'©fc3fT-&ft. tit, 12 

n >/t-Y;i/P#(c.Ba#(D4 3 K9mft;£8&:t;:fe?rrft Z t 
35^ - x )v \z m? ft ese? cd — « s n ft . 

[0 10 8] gl 1 0 : 
^9S^— X;Hntersect bb, (windowl, window2, window3) 
tcH-TftEtfrm. 3X h#0.0l2ms. 77> • 70 htf 
l, iT»ft£i£#«iTft. 

»«««*o-t»-f xtt**»;*n6-r-&iM XT?*?). « 
> • 70 hstfsasttcft^i f*s,«i:aisnfc 
[0109] EJfi^wtrWfcttifclStf&Kfcteft. 

COT-. fcBBfftUT#Bi$n**I«H«fcH-r*l3a ; F 
C9#flE£<g5e-r ftil £t>nJ<iT-*ft. t^f-fT'f 1f46 

*^X£ttfcw»£S»Ta::£#^*rc*«. -5 

[0 110] KKiS^SfcSmT&itKtHiTWift-r* 

ft. £OSfcHt«»Oififfil*ffi)9«U<t3^#flEr*. * 

[0 111] ^gBx-X;KD«-&, i ■ow±<o?l»ficM 
£t§:£-f ft dta^gtcftft. ft^Tfl-SB^— X;i/©i2 



ft*^^#SETft. P#£©H&Ct3ttftJEttA<*>*-£ 

cwr4a«t*tt©»-c**t<ES-r*. £©im#©E 

L»ttP*ia>L4^i*«T*^^. L^L,. 1IIJ3'J©P?tf 
aLRttfeOMttCfcttSKSUo- r*»T*4N*iB 
*ft CLifcttV*. fol, nin(P.N)tt£OSSitt«fti: 

LTffjffl-rftci^Riffi-c**. a^oftiiwfeoiiii 

it©2Sffl©-#J£7K-f Z £ KTft. 

[0 1 1 23 in, : A'XSSStrMfft^-S^^cofi 
S^ffiWTftTtecDM^tC^^T^-rft. 
Query(route, loc) : 
-Terminal (route, e id) , Map (e id, loc) 
TerminalKKrrftfEai^a. 100©|§ig l>3- KSrWL 
TU5^, Jg 2 <&5l»C:m*ftS&4ffl©*ttioi::&ft 
£«M#S*i4t>©£:fijrr4. C-5L.fc«^r. £©?£§ 
teWttttlOT?** £«S5£*nft. 

[0 113] WT©l»ajT«, 2£©x— X;Pi^1-8K^- 

£©H«£tta$^-X;i/£©jI*S*&*£ 
* Mx- X>U i b 0 ft 5 Z t \Z J; o Ttt-» $ tlft . 

tot. Tetw-ra* h^«p?^aibgs:isgfcise.ti 

fto 

[0 114] ill/J-KS : ^M©*gi%fg£-rftjf£ 
N'=F*NT-*I3, Cdtr. F«*1-g|$x 
-7)l<D7r> • 7V h, Ntt£<Z>H«K:;fettftil«U 
3- F*T*ft. 

&fcftM©ft : fl-SBr— X;U© i SBWSIftKJfJfc-Tft 
g&ftffi©*tt3£&«UVFi*UIT<&0, HCT, UVFjtei 
#@©KttKMTft&&fttt«S»Tfcft. ^7*-*UI 
«ffrtf!©£©ffigtt&ftT-;&ft. 

fto TE©3X httDft|tajL©Pgfc*W©fc©T-*ft. 
[0 115] - fl-gRAn^jfeSEffi : C*N 
- : Cost sorl (N)+UI*C 

*%?^©#<©4#^&C/fiJ*lCC)^T«li(±©l5iBj^e. 

l tz¥T'&Rmq&<D±x smar ft - 1 l ^ t> © 

< ©jig JERZf&TB.HfifttofMn&Z. t\ZttZ<DX\ 

««5ua*i/<ai>. fbt, s^-TftiifiEs^^fe 

tt. il:T*^Bj<D3gffl(c-&Snft : b©ibT#AftCi: 
^BlngT^fto 

[0 116] WTfc*«WO*M5Sg«*5i|*-r4. 

[0 117] 1. ttft©li3Hi-F£irrft , J u—-> 



(16) 



<f#HS¥7 - 1 4 1 2 3 6 



[0 118] 2. fl(f5» *!75>*«a 

*?$ti-Bi?iii<o«^*sfejsK-rafc«i>tffl^6n4c:4:S 
»*t-r*. w iEi©u i/— >a ■ f-5"(- 

[0119] 3. MffinaHRro-tft-encHai/fcflft 
[0120] 4. ttB*£*&aM£ffl"&n«n8* 

mij-BIS^REWRITE Query 1 AS Query2©«5£S:WrsS 

ofeia»cg!n*««j|[3mc*§if»»t****n/t:aa!i7— 
:/;i/K:lBiftSftT^s;: t *wu. 2, 

XfA. 

5. mitt??-* T-ftf*«, a»OI#4#tbfc5T 
at* • x-^-X • vXr-AKte. ££f:i#S,6£ 

W«4:-r«. 1MI1. 2. 3. 4fcBtO'JI/ 
-yaW • =f— X • yXfA. 

toi2i] 6. jxhiw*». ^OTmtwgg-r^nx 

H»*A»6<6*c:t«»«i"r«. *MU. 2. 3, 
4. sfefcte, l/—>3 tJP • f-5"<-^ 

[0 12 2] 7. (a)naSH*fcH-r*«*»A*»J«: 

x • x— y;uRW«B**i?tfia-r»*o«i{b38F 
ft. 

[0 12 3] 8. »BS)iXfyy(c)*«, ttJ&lWft 



c tew* t-r*. Wfl 7 fcE«©«ka^. 

ft. 

[0 124] 9. infte^Xxy^d)**. (dl)A*B8 
&tfft«Mi£©'>&< £*> 1 OlcHLT*a«t^5 
>£*fc/£-f fcXxy:/.*:, (d2) ft®^ >£> 1 o£^iR 
T5^T7^6a4ii«»«iT4. M6ifcli 

7 Kga«©«a^te. 

[0 12 5] 10. 81S2£j&Xxy-7'(dl)-ett, *g&£> 
[0 12 6] 

[01] *^HJ(-«k-£) 'J l/->3» • x-^-X • 

[H2] *58WO*«**-r**7D-x + -hT* 
5. 

[0 3] RUSJHSt^jST*. *5B91©J6 2©tt«K:J: 

CH4] *«iii:J:5*Ift¥')ll©*K«K«t4yn 

-?&•£>. 
[#^®t&?J§] 
2 'J I/- y a tJl' • r-^^-X • y^rA 

10 M£ 

11 t^v-fHP 

12 S^fe^MIiJ 

13 nxhlflg 

14 'J l/-X3t;HlfTX>y> 

15 U >3 t)P • f-^"<-X • t-T';!' 

16 ftttHft 

42 si'Jx- 

44 HEJWri6*ffiS?x*U-* 

46 m— RH^^-^xW V-fU 1 

47 Ift7'T^V-rif 

48 •?7>-7—7)]> 
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^-14 



13 




[02] 



•20 



-22 



-24 



CH4] 

































-—48 


*y-r^ v-f If 



*40 



-42 



•44 



-46 



*47 
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[0 3] 





